Background The predominant cause of coronary artery calcification is atherosclerosis. Although fast x-ray computed tomography (CT) has been demonstrated to be a sensitive technique to detect coronary calcification, the increasing prevalence of calcification with age has been associated with a low specificity for identifying obstructive atherosclerosis. We hypothesized that the specificity of this test would be improved in a younger patient population, making it more useful in the diagnosis of coronary artery disease.
Methods and Results We compared fast CT-detected calcification with coronary angiography in 106 patients under the age of 50 years. Nonenhanced fast CT scans consisting of 20 contiguous 3-mm tomograms of the proximal coronary arteries were obtained during a single breath hold. A positive scan was defined as 4 contiguous voxels (21 mm2) of density >130 Hounsfield units in the region of the epicardial coronary arteries. Calcification detected by fast CT had an 85% sensitivity to predict patients with significant coronary artery number of previous investigations have estab-A lished a strong association between proximal coronary artery calcification and atheroscleroSiS.1-3 Initial studies using conventional fluoroscopy have shown that the detection of calcium was highly specific but only moderately sensitive in predicting the presence of angiographically significant stenosis at cardiac catheterization. [4] [5] [6] [7] [8] This has raised speculation that more sensitive methods of detection could potentially be useful in the noninvasive diagnostic evaluation of patients with suspected coronary artery disease (CAD). Results with improved fluoroscopic detection techniques have been encouraging in this regard.9-"1 Several recent investigations have capitalized on the potentially improved densitometric sensitivity of x-ray computed tomography (CT) to detect coronary calcification.12-15 Fast CT appears to be the most promising CT approach, since it is able to obtain contiguous gated diastolic tomograms of the proximal coronary arteries during a single breath hold and avoid misregistration of tomograms because of motion artifacts. Initial studies with fast CT have indicated that the presence of calcification increases dramatically as age exceeds 50 years. Thus, although the sensitivity of fast CT to detect disease was very high (ranging between 96% and 100%), its specificity was low (26% to 28%). 14 Since the prevalence of CT-detected calcium appears to increase markedly with age, we hypothesized that fast CT would be more suitably applied to evaluating younger patients, provided that the sensitivity to detect disease remained high. To test this, we compared the results of calcification detected by fast CT with those by coronary angiography in patients <50 years of age.
Methods
The protocol was approved by the investigational review committee of the State University of New York at Buffalo.
Patient Population
The study group The results of coronary angiography and the distribution of fast CT-detected coronary calcification are summarized in Table 2 . Significant CAD was identified in 59 patients (56%). Of the remaining 49 patients without significant disease, 20 (19%) had luminal irregularities (<50% diameter reduction) and 27 (25%) had smooth, luminally normal coronary arteries. There was no significant difference in the age of patients with and without angiographically significant disease (44.1±5.0 versus 42.9±5.8 years). Coronary calcification was detected in 76 (72%) of the patients. Those having coronary calcification were more likely to be older (P=.002), male (P=.001), and hypercholesterolemic (P=.015). The prevalence of smoking and hypertension was similar in each group. The overall sensitivity of coronary calcification to detect significant CAD was 85%, with a specificity of 45% (Fig 1) . The positive predictive value of coronary calcification for detecting significant CAD was 66%. The negative predictive value was 70%. Subgrouping patients by sex or by age (<40 versus >40 years) revealed no statistically significant differences. Nine of the 59 patients with significant CAD had false-negative fast CT studies. Fig 2 shows the prevalence of calcification in angiographic subsets. The sensitivity of CT was particularly low in patients with single-vessel disease and averaged 75%. This group accounted for seven of the nine false-negative CT studies. The sensitivity to detect multivessel disease was higher and averaged 94% for patients with two-and three-vessel disease combined. Fig 3 shows the effect of reducing the number of contiguous voxels required to define a positive CT study on calculations of sensitivity and specificity. When this was reduced from 4 to 2 voxels, there was an increase in sensitivity from 85% to 88%, but specificity fell from 45% to 36%. A 1-voxel threshold increased sensitivity to 93%, but specificity was only 17%.
Fig 4 shows the prevalence of fast CT-detected calcification in individual vessels subgrouped into normal, insignificant disease, and significant disease. Two left main arteries were too short to be accurately categorized. Of the remaining 422 vessels, 106 (25%) were significantly diseased, 132 (31%) had insignificant disease, and 184 (44%) were luminally normal. As shown in Fig 4, 20 levels of the scan. Extrapolating from these results suggests that this limitation could have accounted for no more than 2 of the 9 patients with disease and a negative scan in our study.
Findings in the Present Study
We found that the sensitivity of fast CT to detect angiographically significant disease was lower than that previously reported in populations that included patients >50 years old.13-'5 This was largely because of its relative inability to detect patients with single-vessel disease, in whom the sensitivity was only 75%. A similar limitation in the correlation between calcification and angiographic disease was found when we examined the prevalence of calcification in individual arteries. Only 70% of significantly diseased vessels had detectable calcification by fast CT. The prevalence of calcification fell to 44% in vessels with <50% stenosis and to 15% in luminally normal arteries. These findings are consistent with the notion that the prevalence of calcification varies as a function of the anatomic severity of disease. This is similar to the conclusion reached in studies examining this issue with cardiac fluoroscopy.4,8 Similar findings have also been noted in several preliminary reports1718 that show increases in CT calcium scores with increasing angiographic extent of disease. Unfortunately, in young patients, the wide scatter in quantitative estimates observed within each angiographic subgroup does not support the notion that a cutoff calcium score can separate these groups with any degree of certainty (Fig 5) .
The specificity of fast CT-detected calcification in patients without significant disease was only moderately improved in this study by restriction of its use to younger patients. The high prevalence of calcification in patients with luminal irregularities but stenoses <50% could have accounted for some of the false-positives in our study. Nevertheless, even when any degree of luminal disease was considered an "abnormal" angiographic study, the specificity improved only to 52%. The low specificity could be related to image noise or could reflect the ability of fast CT to detect atherosclerotic disease at a stage when there is no luminal narrowing. Previous studies have demonstrated an excellent prognosis for patients with smooth, luminally normal angiograms as opposed to those with insignificant CAD.'9-21 Margolis and colleagues6 showed that fluoroscopic calcification was an independent predictor of increased mortality in patients with significant disease, but they did not separate patients without disease into those with and without luminal irregularities. Thus, the prognostic significance of coronary calcification in patients with insignificantly diseased arteries remains undefined.
Relation of the Present Study to Previous Studies
Our results differ from studies using fast CT in somewhat older patient populations, in which the presence of calcification was correlated with clinically and/or angiographically defined CAD. In a large series of patients evaluated with fast CT, Agatston et al14 found that the detection of calcification by fast CT had a sensitivity of 96% in patients with either a previous myocardial infarction or significant angiographic disease. In the subset of their 311 patients <50 years old, only 20 had documented CAD, and the prevalence of significant angiographic disease in their "normal" subjects was unknown. Sensitivity in patients <50 years old ranged from 88% to 100% (average, 90%), and specificity ranged from 61% to 75% (average, 66%). Although they found that the sensitivity of fast CT was higher in patients >50 years old (96% to 100%), the specificity fell to between 26% and 28%, making the test of questionable value in older populations because of the high prevalence of coronary calcification.
In a preliminary report of a large cohort of older patients (average age, 61+± 12 years), all of whom had angiography, the same group found that the sensitivity of fast CT was 95%, with a surprisingly high specificity of 76%.'7 This study included an undefined number of patients who were enrolled from centers in Japan. The potential influences of ethnicity on calcification and atherosclerosis may have increased their specificity, since the age of onset of atherosclerosis in Japan may be later than that of the US population.
Breen et al15 correlated the presence of fast CTdetected calcification with angiography in 100 patients <60 years old (mean, 47±8 years). In contrast to the previously noted studies, as well as our own, their protocol used 40 contiguous 3-mm scan slices, as opposed to 20 . In addition, they defined the minimum area required for a significant calcification as 2 adjacent voxels having a CT density .130 Hu. Using these criteria, they found sensitivity to be 100%, with a specificity of 47%. When we used 2 voxels to define a positive CT calcification in our study, the sensitivity improved only modestly to 88%, with a reduction in specificity to 36%. Differences in our population, including the lower mean age and the fact that we had more than twice as many women in our study, may have accounted for the reduction in sensitivity. The independent influence of including 20 additional caudal tomograms cannot be addressed, since Breen et 
